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© Radiographic Image processing method and photographic imaging apparatus therefor. 

0 Transmission images are obtained by radiating X-rays having two different energy levels onto a subject in 
one direction, and then transformed into logarithmic images, respectively. From these logarithmic images, a 
contrast ratio due lo the two kinds of X-rays having different energies is obtained. From this contrast ratio, the 
•term relating to the thickness of the subject is eliminated, thereby providing infomnation only relating to the 
quality of the material. By collating the information with the prevtously measured data of materials, the matenal 
y of the subject is identified. 
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RADIOGRAPHIC IMAGE PROCESSING METHOD AND PHOTOGRAPHIC IMAGING APPARATUS THEREFOR 



BACKGROUND OF THE INVENTION 

The present invention relates to an image processing method and a photographing apparatus therefor 
used in an apparatus for industrial analysis or a medical diagnostic apparatus. 

5 

PRIOR ART INVENTION 

A transmission image produced by radiographic ray vvhtoh is radiated onto a subject In one direction Is 
10 basically composed of a product of absorption coefficient and thickness. 

The basic principle of the' radioactive ray transmission will be descnbed t^elow. A radioactive ray 
transmitting or penetrating through a subject has a feature expressed by the following equation: 
1(E) = lo(Eyexp {u (E)JO 
where 

T5 E is a spedfic energy of a radioactive ray 

lo(E) is an incident intensity of the radioactive ray 
1(E) Is a transmission Intensity of the radioactive ray 
X is thickness of a subject 

As shown in the equation, the transmission intensity varies according to u (E) and X. This means that a 
20 transmission radioactive ray image necessarily contains information relating to the thickness of the subject 
Since a transmission image necessarily contains information relating to the thickness of the subject the 
image simply gives a shaded shape. 

25 SUMMARY OF THE INVENTION 

Radiation having more than two different kinds of energy levels are radiated on a subject in the same 
direction for radiography, thereby producing transmission images. Then, logarithmic images are prepared 
through logarithmic transformation of the transmission images of different energy levels. Then a contrast 
30 ratio of the subject in the logarithmic images Is measured. Alternatively, one of the k>garithmtc images is 
multiplied by a suitable coefficient and a subtraction is conducted between both Images. Thus,*^ the 
coefficient vakje at which a specific part of the subject is eliminated can t)e obtained. 

By measuring the contrast ratio of the logarithmic images as mentioned atx>ve, the information relating 
to the thickness of the subject is eliminated and the information relating only to the atomic number and the 
3S kind of the material can be obtained. 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 Fig. 1 is an illustration showing the basic principle of a radiation transmission, 

Figs. 2 and 3 are illustrations showing correlations k>etween atomic number and contrast ratio of the 
images. 

Fig. 4 shows an example of image processing, and 

Rg. 5 shows an example of radiographic imaging apparatus. 

45 

DETAItED DESCRIPTION OF THE EMBODIMENTS 

Referring to Rg. 1 . the basic principle of the present invention will ba described k>elow. 

The contrast of images transmitted through the subject are expressed as foltows: li(Ei) = lo(Ei)/exp 
50 {-U(E,)*X} (1) 

l2(E2) = lo(E2yexp {^(E2)-X} (2) 
where 

El . Ez are different energies of radiations, 

lo(Ei). lo(E2) are intensities of the incident radiations , and 

It (El), l2(E2) are intensities of the radiations transmitted through the sutsject. 
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These images are transformed into logarithmic images as follows, where a natural logarithmic trans-, 
formation Is used: 

Lnli(E,) = Ln Io(E,)-u(E,)*X} (3) . 
Ln l2(E2) = Ln lo(E2Hi(E2)*X} (4) 

The image contrasts of the subject in these logarithmic transformations are expressed as follows, 
correspondingly to energy levels Ei and E2: 
Ln lo(Ei) - Ln li(Ei) = u(Ei)*X} (5) 
Ln lo(E2) - Ln hiEz) = u(E2)*X} (6) 

The contrast ratio of the subject is deduced from the equations (5) and (6) as follows: 
Contrast ratio of the subject = u(Ei)/u(E2) (7) 

As understood from the equation (7), by using the contrast ratio of the subject, the information relating 
to the thickness of the subject can be eliminated. In other words, the physical properties of the subject can 
be expressed as parameters. If absorption coefficients of various elements and materials are known in 
advance, the elements and materials forming the subject can be specified based on the contrast ratio of ttie 
subject 

Further, in case the elements and materials forming the subject are limited or specified, the composition 
ratk) of the elements and materials can be obtained based on the contrast ratio of the subject 

When radioisotopes (abbreviated as Rl) are used as incident radiation sources having energies of Ei 
and Ez, Rl can be selected from tiiose listed In Table 1. 

TABLE 1 
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KIND OF 


ENERGY 


Rl 


(KeV) 


129| 


39,6 


2*^Am 


59,5 


^23Cd 


88.0 


1S3GC1 


97.4. 103.2 ' 


s'Co 


122.1. 136.5 
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As an example. '^^! and 2* 'Am were selected among those listed in Table 1 . and various subjects were 
radiated by these radiations of different energy levels. The contrast ratios of the various materials, which 
were obtained through logarithmic transformation of the transmission images, are shown in Fig. 2. lAs seen 
in Fig. 2, the contrast ratios for elements having smaller atomic numbers such as C. 0 or N distribute in a 
range 1 to 1.4. those for elements Al or Si in a range near 2. and those for elements having atomic numbers 
greater than that of Ti in a range 2.8 to 3.2. In case the atomic number is smaller than 20, tfie contrast ratio 
and the atomic number fall in a proportional relation to each other, and tiie elements and the materials can 
be Identified based on the contrast ratios. Roughly speaking, in case the contrast ratio is smaller in 
comparison with that of Al, which is selected as a reference body, it is determined tiiat the subject is a resin 
mainly composed of C. while in case the contrast ratio is greater, tf^e subject is a metal. ' 

As another example, ^^'Am and ^^^G6 were used, arid ttie contrast ratios in the logarithmic images 
transformed from the transmission images are shown in Rg. 3. In this case, since the energy levels were 
changed, the above-mentioned proportional relationship was maintained for the materials having atomic 
number smaller than 50. As a result the range where the elements or materials can be identified was 
widened in comparison with that in the above-mentioned example. 

^09Cd and s^co have the same function when combined with the other Rt 

In case an X-ray source is used as a radiation source, the energy spectrum (radiation quality) varies 
depending on the X-ray generating method, the kind of X-ray tube, and tiie electric voltage to be applied. 
Further, as the thickness of the subject increases, the energy spectrum (radiation quality) of the X-ray 
having transmitted through tiie subject varies. Therefore, it is necessary to previously find out contrast ratios 
with respect to various materials having final thickness by using a specific X-ray source. As a metfiod for 
changing tine X-ray energy level, there is a method where the voltage applied to the X-ray tube is changed. 
If a metal such as Cu is used as a filter, the separation of the energies is significantly improved. 

As mentioned above, ttie X-ray effective energy can be changed by changing ttie voltage to be applied 
in combination with a metal filter, and the changing of tiie X-ray effective energy produces ttie same result 
as in the case of using RL The effective energy in a range 10 KeV to 140 KeV is effectively used for 
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materials having an atomic number smaller than 20, while the effective energy in a range 40 to 200 KeV is 
effectively used for materials having an atomic number greater than 20. 

In the above, a method utilizing a contrast ratio has been described. Here, a simpler image processing 
method will be described. Two logarithmic images transformed from transmission images of a subject 

5 obtained by use of two different energies are prepared. One of the logarithmic image is multipited by a 
coefficient, and a subtraction is conducted t>etween the two images. In this step, if the coefficient is equal to 
the above-mentioned contrast ratio, tiie figure of the subject is eliminated from the image obtained by the 
subtraction. In other words, the image after the subtraction is investigated with respect to the elimination 
behavior of each part of the subject figure while chariging the value of the coefficient and the coefficient 

TO value obtained at the eliminated part can be regarded as the contrast ratio of that part 

Rg. 4 shows the outline of the above-mentioned image processing. Two transmission images are 
prepared by using two kinds of energies. These transmission images are transformed into logarithmic 
images (a), (b) by applying a logarithmic transformation on the transmission images. One (b) of the 
logarithmic images (a), (b) is multiplied by a coefficient X. and a subtraction is conducted between these 

75 logarithmic images. The image (c) obtained through the subtraction is investigated while changing the 
coefficient X For example, in Rg. 4, the coefficient value is read out just when the triangular figure of the 
subject eliminates from the image. This coefficient corresponds to ttie contrast ratio of the triangular figure, 
and can Identify the quality of the material of the triangular figure. 

Further, t3y arranging a reference body such as Al near to the subject and normalizing the contrast ratio 

20 by using the contrast ratio of the reference txKly, it become easy to identify the kind of the element and 
material. 

Rg. 5 shows a radbgraphic imaging apparatus in an embocfiment form according to the present 
invention. Rl ray sources (1). (2) having different energy levels and a radiation sensor (3) havirtg a line-like 
shape are provided, and a subject (4) Is moved in a direction indicated by the arrow, thereby producing a 

25 transmission image of the subject As the radiation sensor, a semiconductor sensor composed of such as 
Si. Ge. GaAs. Cdle. or Hgl can be selected and used. As for the radiographing imaging method, there are 
two methods, namely a nnetiiod in which two steps of racfiographic imagings are required and each 
radiographic imaging is conducted by using one radiation source, and another method in which two 
radiation sources are used at the same time, and the output pulses from the semiconductor radiation sensor 

30 are discriminated with respect to tiie pulse height, thereby producing transmission images of different 
energy levels at the same time. By using ttie pulse height discrimination, in case of using X-ray as a 
radiation source, transmission images of different energy levels can be obtained without requiring change in 
the electric voltage or use of a metal filter. The transmission images thus obtained are subjected to a 
logarithmic transformation under the function of an image processing section 5, and then, die contrast ratio 

35 is ot)tained and indk^ted on an indicating section 6. 

As a radiation sensor usable in the present invention, a two-dimensional sensor or an area sensor such 
as a plate coated with a photo-stimulable phosphor having a nice linearity of sensitivity, or an image- 
intensifier can be used. 

According to the present invention, by radiographic images obtained by use of radiations having 
40 different energy levels, preparing logarithmic images through a logarithmic transformation of the transmis- 
sion images, and finding tiie contrast ratio of the subject it is possible to identify the elements or materials 
of the subject and to analyze the composition ratios. 



45 Claims 

1 . A radiographic image processing method, comprising steps of: 
obtaining information relating to transmission images which are obtained by radiating radiations having more 
than two different energy levels onto a subject in the same direction. 
50 preparing a logarithmic image through a logarithmic transformation of the transmission image obtained by 
use of a radiation of an energy level, and another logarithmic image through a logarithmic transformation of 
the other transmission image obtained by use of a radiation of another energy level, and 
obtaining an image contrast ratio of the logarithmic images at a specific part of tiie subject by use of said 
logarithmic images. 

55 2. A radiographic Image processing method claimed in claim 1. further comprising steps* of 

obtaining, in advance, ratios of absorption coeftictents defined for two specific energy levels with respect to 
various elements and materials, 

collating said ratios of the absorption coefficients with image contrast ratios at ttie SF>ecific part of the 
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subject! and 

identifying the. elements or materials at said specific part or obtaining the composition ratio of the same 
part. 

3. A radiographic image processing method claimed in claim 1 or 2. further compnsing steps of 

5 normaUzIng said ratios of the absorption coefficients of various elements and materials by using a reference 
ratio off absorption coefficients of a specific element defined for two specific energy levels, 
collating said normalized absorption coefficient ratios with the image contrast of a specific part of the 

subject, and ^ ^ * ^ 

identifying the elements or materials at said specific part or obtaining the composition ratio of the same 

70 part . . * 

4. A radiographic image processing method claimed in claim 1 or 2, further compnsmg steps of 
disposing a reference body composed of a special element or material in the subject, and 

collating the image contrast ratios of the reference body obtained by use of two kinds of energies with the 
image contrast ratio of a specific part of the subject and 
IS Identifying the elements or materials at said specific part or obtaining the composition raUp at the same 

part * 

5. A radiographic image processing method claimed in claim 1. further comprising steps of 

obtaining logarithmic images through logarithmic transfonmation of transmission images of a typical element 
or material which are to be analyzed by use of y^ay or X-ray sources having various energy levels, 
20 Obtaining, in advance, reference image contrast ratios of the logarithmic images which are obtained by use 
of two specific kinds of energies, 

collating said reference image contrast ratios with the image contrast ratio of a specific part of the subject in 
the logarithmic images obtained by use of two kinds of energies, and 

identifying the elements or materials at said specific part or obtaining the composition ratio at the same 
sis part. 

6. A radiographic image processing method claimed in claim 1 , further comprising steps of 
preparing image contrast ratios of k)garithmic images transformed from the transmission images obtained 
by applying two kinds of energies on aluminum (Al) which serves as a reference body, 

collating said image contrast ratio of Al with the image contrast ratio of a specific part of the subject in the 
30 logarithmic images obtained by use of two kinds of energies, and 

identifying the elements or materials at said specific part or obtaining the composition ratio al the same 
part. 

7. A radiographic image processing method claimed in claim 1. wherein, for identifying an element- 
having an atomic number smaller than 20 or a compound material having an effective atomic number 

35 smaller than 20. radioactive rays having energies in a range 10 KeV to 140 KeV are used. 

8. A radiographic image processing method claimed in claim 1, wherein, for identifying an element 
having an atomic number greater than 20 or a compound material having an effective atomic number 
greater than 20. radioactive rays having energies in a range 40 KeV to 200 KeV are used. 

9. A radiographic image processing method claimed in claim 1 , further comprising steps of 

40 multiplying one of the logarithmic images transfonmed from the transmission images of the subject obtained 
by use of two different energies by a coefficient 

obtaining a difference between the logarithmic image multiplied by a coefficient and the other logarithmic 

image. x- * 

continuously changing the coefficient value for obtaining a coefficient value at which a specific part of the 
45 subject is elirhinated from the image, and 

. identifying the elements or materials at said specific part or obtaining the composition ratio at the same part 
based on said coefficient value. 

10. A radiographic image processing method claimed In one of claims 1 to 9, further comprising steps 

of : 

50 Obtaining, in advance, ratios of absorption coefficients defined for two special energy levels with respect to 
various elements, 

collating said ratios of the absorption coefficients with the coefficient value at which a specific part of the 
subject is eliminated from the Image, and 

identifying the elements or materials at said specific part or obtaining the composition ratio at the same 
55 part. 

. 11. A radiographic Image processing method claimed in claim 1. further comprising steps of 
normalizing the ratios of the absorption coefficients of various elements and materials by using a reference 
ratio of absorption coefficients of a specific element defined for two special energy levels. 
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collating said normalized absorption coefficient ratio with the coefficient value at which a specific part of the 
subject is eliminated from the image, and 

identifying the elements or materials at said specified part or obtaining the composition ratio at the same 
part 

5 12. A radiographic image processing method claimed in one of claims 1 to 11, further comprising steps 
of 

disposing a reference body composed of a specific element or material in the subject 
collating the Image contrast ratio of the reference txjdy obtained by use of two kinds of energies with the * 
coefficient value at which a specific part of the subject vanishes from the Image, and 
to identifying the elements or materials at said specific part or obtaining the composition ratio at the same 
part 

13. A radiographic imaging apparatus for radiographic images including radiation sources, detecting 
means for detecting radiation, image processing means, and indicating means, characterized in that 

the image contrast ratio of a subject is determined based on the logarithmic images transformed from the 
rs transmission images which are obtained by use of radioactive rays having different energy levels. 

14. A radiographic imaging apparatus for radloacth^ ray images claimed in claim 13, wherein, as a 
radioactive ray source. ^^Co. ^^^Cd. ^^^G6. 2*iAm are selected among radioisotopes capable of 
radiating y rays, and one or more than two of them are used in combination. 

15. A radiographic imaging apparatus for radiographic images claimed in claim 13. wherein, as a 
20 radiation source. X-ray is used, and the effective energy of the X-ray is controlled by changing the voltage 

applied on an X-ray generator in combination with the use of a metal filter. 

16. A radiographic Imaging apparatus for radiographic images claimed in claim 13, wherein, as a 
radiation detecting means, a panel coated witii a photostimulable phosphor is used. 

17. A radiographic imaging apparatus for radiographic images claimed in claim 13, wherein, as a 
25 radiation detecting means, an image-intensifier is used. 

18. A radiographic imaging apparatus for radiographic images daimed in claim 13, wherein, as a 
radiation detecting means, a semiconductor detector selected frpm a group consisting of Si, Ge, GaAs, 
CdTe and Hgl is used. • 
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FIG. 3 
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<g) Transmission images are obtained by radiating 
X-rays having two different energy levels onto a 
subject in one direction, and then transfonred into 
logarithmic images, respectively. From these loga- 
rithmic images, a contrast ratio due to the two kinds 
of X-rays having different energies is obtained. From 
this contrast ratio, the temn relating to the thickness 
of the subject is eliminated, thereby providing in- 
fomiation only relating to the quality of the material. 
By collating the information with the previously mea- 
sured data of materials, the material of the subject is 
identified. 
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